Physical activity has been identified as one of three key health behaviors impacting the major chronic diseases of aging that are increasingly responsible for a substantial proportion of global mortality. Although the scientific evidence indicates that the health and quality of life effects of a physically active lifestyle extend across the life course, midlife and older adults represent the most inactive portion of the population. Among the objectives of this review are to discuss the benefits of an active lifestyle, particularly for older adults; highlight the major issues and challenges currently facing the physical activity and aging field; and explore the types of directions for science, policy, and practice that could positively impact the significant physical inactivity challenge facing a growing number of countries worldwide.
INTRODUCTION
It has been argued that successful human aging, in its broadest sense, may reflect an evolutionary adaptation that provides intergenerational support and other societal contributions. 1 Fulfilling such societal potential, however, requires that older adults maintain levels of daily function and vitality that allow them to participate in the physical and social endeavors occurring around them. 2 Unfortunately, the current aging process in many industrialized nations is often accompanied by significant declines in physical, cognitive, and/or social function that lead to loss of independence and quality of life, while contributing to substantial economic costs. 3 In the face of such broad societal challenges accompanying the current global aging trends, such as cost and access to healthcare, obesity and its co-morbidities, housing, and need for community-based services that allow adults to age-in-place, scientists and policy makers have focused increasingly on identifying factors that may have substantial positive impacts on the aging process as well as the quality of life of older adults. One such area is regular physical activity. [4] [5] [6] In fact, the available evolutionary evidence indicates that the human species evolved to be regularly physically active, and up until the middle of the 20 th century was generally successful in doing so. 7 The increasing rapidity with which technological advances have swept industrial societies has led to the unique situation in which we have, in essence, culturally "outrun" our ability to biologically adapt to the very different, and sedentary, environments that we find ourselves in today.
The purpose of this paper is to provide an overview of the contributions, across multiple levels of impact, of an active lifestyle to healthful aging. We discuss the magnitude globally of physical inactivity among older adults, and the major issues and challenges currently facing the physical activity and aging field, particularly with respect to effective intervention development. We also recommend directions for science, policy, and practice to address the challenges described. In discussing the field, we apply the standard definition of "physical activity" as "any bodily movement produced by skeletal muscles that results in energy expenditure", in contrast to "exercise" or "sport", which typically has been defined as a subset of physical activity that involves "planned, structured, and repetitive bodily movements done to improve or maintain one or more components of physical fitness". 8 In addition to the aerobic forms of physical activity (e.g., walking, bicycling, swimming, running) that are recommended across the life course, older adults can benefit from resistance, stretching, and balanceoriented exercises that address the decrements in muscle strength, flexibility, and balance that typically accompany aging. 9 Notably, research has demonstrated that even the oldest and most frail segments of the older adult population can benefit from regular increases in these types of physical activity when they are tailored to participant needs. 10 Consistent with the literature, we define "older adult" as ages 50 years and above, given the opportunities for preventing physical and mental decline and the sedentary habits that typically increase during the middle years and beyond. In addition, addressing such factors during middle adulthood enhances the potential to forestall the onset of chronic disease and enhance health and quality of life throughout the many years that often remain to individuals in industrialized nations entering the 6 th decade of life.
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PHYSICAL ACTIVITY AND AGING -AN ECOLOGICAL PERSPECTIVE
General ecological models of aging, which describe the interrelationships between individual competencies and the surrounding environmental context, have been discussed over a number of decades, 12 and have grown in both comprehensiveness and detail. 13 An ecological framework specific to physical activity is shown in Figure 1 and includes examples of personal (i.e., biologic, behavioral, demographic), social/cultural, and environmental/ policy levels of impact. The framework also includes the influence of time (e.g., cohort and period effects; daily, weekly, or more extended time effects that can become targets for assessment as well as intervention), and developmental or life course effects (e.g., menopause, retirement, bereavement) across all levels of impact. 13 Note that the ecological framework can be used to organize physical activity-relevant outcomes (e.g., health status and function, neighborhood-or community-level social capital), determinants (e.g., cultural beliefs related to physical activity, neighborhood walkability), as well as interventions (e.g., enhanced social support for regular physical activity, economic incentives aimed at encouraging physically active lifestyles). 
THE BENEFITS OF LIFELONG PHYSICAL ACTIVITY
As the quotation at the beginning of this article attests, much has been written, beginning in ancient times, about the potential salutary effects of a physically active lifestyle on health and aging. Such early observations have been borne out through the accumulation, over the past 70 years, of a prodigious scientific literature that has underscored the importance of regular physical activity to health, function, and quality of life across the life course. 5, 9 While regular physical activity has been shown to positively impact health and function across all age groups, beginning prenatally, 14 a regular physical activity regimen may have particularly beneficial effects in the later years, 5 and may in fact slow the aging process. 11 The anticipated increase in chronic conditions associated with aging, as well as their accompanying strain on the healthcare system, presents a strong argument for promoting habitual physical activity as a primary prevention strategy. In addition to the strong relationship between physical inactivity and allcause mortality, 15, 16 chronic diseases and health conditions that have been strongly linked with an inactive lifestyle are cardiovascular disease, stroke, type 2 diabetes, some forms of cancer (i.e., colon, breast), depression, dementia, decline in physical function, and weight gain. 9 Additional health areas of relevance for older adults for which an association with regular physical activity has been found include improved sleep quality, lower risk of hip fracture and increased bone density, reduced abdominal obesity, lower risk of lung and endometrial cancers, weight maintenance following weight loss, and positive well-being and quality of life. 9 Regular physical activity may also help to mitigate some of the negative health outcomes that typically accompany life course periods such as menopause. 17 While definitive evidence is currently lacking concerning the effects of regular physical activity on aging-related disability (defined by Nagi as limitations in performance of socially defined roles and tasks within a sociocultural and physical environment), 18 at least one large multi-center randomized controlled trial, Lifestyle Interventions and Independence for Elders (LIFE), is currently underway in the United States to specifically answer this question. 10 Physical inactivity, measured using either self-report or objective assessment tools, has been identified as one of three key health behaviors (in addition to tobacco use and dietary patterns) that together are responsible for approximately 50 percent of global mortality. 19 Of note, the epidemiological evidence indicates that it is current or recent levels of physical activity, as opposed to previous physical activity patterns, that are in general more strongly predictive of major health outcomes. 20 The epidemiological evidence indicates further that even reasonably low levels of less intensive activities such as walking can be health-protective in older adults. 16 The principal challenge facing the field concerns finding ways to increase population levels of physical activity by these generally feasible and relatively modest amounts in order to obtain the plethora of health and quality of life benefits indicated by the current evidence base.
PHYSICAL INACTIVITY -THE MAGNITUDE OF THE PROBLEM
Over the past several decades, a growing number of nations have tracked physical activity levels among their populations and by population subgroups based on age and other characteristics. The epidemiological picture that has emerged from population surveillance data reflects high levels of physical inactivity (e.g., no leisure-time physical activity, ranging from 20-30 percent of the population or more) that generally increase with age. 21, 22 High physical inactivity rates are reported in many industrialized countries, as well as in a growing number of developing nations. 23 Physical activity levels among older adults, as well as their younger counterparts, typically fall well below the 150 minutes or more of weekly moderateintensity physical activity (i.e., akin to brisk walking) currently recommended by a growing number of nations to achieve optimal health benefits. 9, 24 The fact that more moderate forms of physical activity that are particularly attractive to midlife and older adults (e.g., walking) have been demonstrated to positively impact health, 25 even when undertaken in reasonably short episodes (e.g., 10 minutes), provides a wealth of opportunities for population physical activity promotion.
APPLYING AN ECOLOGICAL FRAMEWORK IN PROMOTING AN ACTIVE LIFESTYLE AMONG OLDER ADULTS: PHYSICAL ACTIVITY CORRELATES
In light of the magnitude of the physical inactivity challenge across the older adult population, interdisciplinary multi-level approaches, as reflected in a social ecological health behavior model, are required to advance the field ( Figure 1 ). 13 At the personal level of influence, older adults' choices to be regularly physically active are influenced, similar to other age groups, by a host of attitudinal, cognitive, and behavioral variables, including erroneous beliefs related to physical activity (e.g., exercise and exertion "waste" energy; "no pain, no gain", etc.); self-efficacy (i.e., an individual's confidence in being able to engage in physical activity across a specified time period); expectations of benefits; physical activity enjoyment; and competence in using self-regulatory skills that can enhance and maintain health behavior change (e.g., realistic goal-setting, regular tracking of physical activity), including use of portable tools, such as pedometers and other devices, to obtain behavioral feedback. 26, 27 At least some of these factors may underlie the well-established demographic and health characteristics that are associated with lower physical activity levels across a range of populations, including greater age, female sex, lower levels of education, lower household income levels, lower rated health, unemployment status, increased body weight, cigarette smoking, depressed affect, living in certain regions or locales (e.g., rural or disadvantaged areas of some countries), and belonging to certain racial or ethnic minority groups. 28, 29 In addition to the above list of personal-level physical activity correlates, a growing number of factors of particular relevance to older adults have been identified. These include impairments related to physical or cognitive function, and the individual's belief that physical activity is important to his or her own health. 30 Of relevance to a life course perspective, there also is some evidence that physical activity experiences occurring in childhood or adolescence can set the stage for physical activity participation in adulthood, potentially extending through old age. 31 The majority of the scientific literature in the physical activity field to date has been aimed at personal level influences. 32 As part of this focus, there has been an overreliance on a medical model perspective that conceptualizes the issues in a clinical as opposed to a public health or community-based context. Often accompanying such a perspective has been an emphasis on personal responsibility that typically fails to recognize the social and environmental circumstances within which physical activity and other health behaviors occur. Greater emphasis on person-environment interactions remains a current challenge for the field. 33 At the social/cultural level of influence are immediate interpersonal levels of support from family, friends, neighbors, and other community members. Physical activity advice from physicians and other healthcare providers also may be potentially beneficial for some groups of adults and older populations. 30 In addition to such immediate forms of social influence, cultural and religious norms, values, taboos, and expectations can influence individual behavior, and even the institution of marriage may not necessarily support a more physically active lifestyle. 34 In addition, older adults who are gay, lesbian, bisexual, or transgender are disproportionately more likely to live alone than heterosexual seniors and are at a much higher risk for poverty, homelessness, and social isolation -factors linked with detrimental health behavior patterns. 35 All of these areas of research underscore how understanding the social and cultural contexts, along with potential gaps in availability of relevant support for physical activity, are critical.
Currently, many physical activity programs around the world aimed at older adults utilize a group-based structure that can provide older adults with a level of ongoing support for physical activity change that many midlife and older adults (albeit not all) may find helpful, particularly in the short-term. 36, 37 Group interventions that include cognitive-behavioral strategies to optimize longer-term adherence may be particularly helpful. 38 Relatively little attention, however, has been aimed at understanding and systematically harnessing the natural social networks of older adults (e.g., family, friends, neighbors, healthcare providers, pharmacists and other community service personnel, community and faith-based organizations) that may provide a more powerful and sustainable influence on physical activity levels. Dog ownership may also serve as another social stimulus for increased physical activity. 39 In addition, continued attention is needed to reach those midlife and older adults who eschew structured settings or group contexts. 40, 41 In at least some countries, this segment of the aging adult population may be reasonably large, and may include adults of more advanced age and diminished physical health 42 subgroups that may particularly benefit from even modest increases in physical activity. 9 In one of the few experimental investigations that compared systematically the long-term (2-year) effects of a structured group versus home-based program in sedentary adults ages 50-65 years, persons randomized to a telephone-supervised home-based program showed significantly greater 1-and 2-year physical activity participation rates relative to persons randomized to the structured group program. 43 Other investigators have noted the relative strength of structured home versus group-based physical activity programs, particularly over the long-term, in producing higher adherence rates in varied populations of older adults. 37 In addition to such interpersonal factors, socioeconomic and cultural characteristics of the broader community, including institutional factors (e.g., education, housing, healthcare, employment), can play a role in impacting physical activity levels. 44 For example, lack of tangible resources emanating from poor economic conditions and circumstances (e.g., lack of transport to physical activity-conducive settings; crime) can pose barriers to a physically active lifestyle, particularly among the older segment of the population that, in a number of countries, faces challenges related to retirement as well as economic insecurity. 3 Socioeconomic disparities are also linked with the observed gradients in frailty and disability in old age, associated with physical inactivity, that have been reported in North America, Europe, and elsewhere.
Opportunities among older adults for continued employment and/or volunteer activities can influence vitality, quality of life, and indirectly, health behaviors such as physical activity. For example, an experimental evaluation of an older volunteers primary school program in a disadvantaged US community, called Experience Corps, which was designed intentionally to promote physical as well as cognitive and social activity among older volunteers while improving children's academic success, indicated that the older volunteers experienced significant increases in physical activity, strength, perceived social resources, and cognitive activity across a 4-to 8-month period relative to controls. 45 In addition to the above domains, cultural expectations, norms, and proscriptions related to physical activity and aging can encourage or discourage regular physical activity participation. In some societies, for example, older women may be exposed to societal messages discouraging physical activity participation. 46 ,47 Similar types of cultural or religious beliefs, norms, and expectations may play a role in the lower levels of physical activity reported in some ethnic minority and low-income groups. 47 Such factors may take the form of lack of appropriate role models for a physically active lifestyle, language barriers, family and care-giving duties that leave little time for health-enhancing physical activity, and a lack of culturally relevant physical activity programs (e.g., traditional dance). 47, 48 Finally, mass media can convey messages promoting or dissuading physical activity that, in combination with other contextual factors, may impact awareness and/or motivation related to physical activity. 49 The plethora of media channels to which older adults can be regularly exposed currently, including television, radio, newspapers and other forms of print, and Internet, increase the complexities of the current informational and social environments surrounding them, but also provide potentially rich avenues for broad-based education and health behavior change. 49 Identifying the most efficient ways of integrating effective physical activity messages across media outlets represents a promising means for reaching the older population that awaits further investigation. 49 At the environmental/policy level of influence are physical environment factors such as climate and seasonal effects 50 ; objective and subjective features of the built environment (e.g., walkability characteristics such as proximity of desirable destinations, pedestrian amenities including sidewalks or footpaths, adequate lighting, and intersection crossing features; aesthetics such as foliage, pleasant scenery) 51 ; housing, transportation, and zoning policies 52 ; and impacts of legislation and economic policies related to taxation, incentives, reimbursement systems, and related areas (e.g., fiscal support of parks and other recreational features) with direct or indirect connections to physical activity. 53 Notable examples of such national and regional policies include the national transportation policies legislated in the Netherlands to optimize the use of existing infrastructure to improve accessibility by public transportation and bicycle; and London's "congestion charge", which is aimed at reducing traffic congestion and encouraging people to choose other forms of transport. *3 Use of public transportation has been linked with greater amounts of walking and cycling. 52 Type of housing also has implications for levels of utilitarian activity performed, such as yard work. While the current evidence base in this area is relatively small and consists primarily of cross-sectional studies, it supports the promise of such strategies on population-wide physical activity levels, including among older adults. Although currently there is little experimental evidence clarifying the directionality of the built environment-physical activity relationship (i.e., whether more active adults may choose to live in more "walkable" neighborhoods), the available observational evidence suggests that selfselection alone cannot fully explain the physical activity-built environment relationship. 54 Furthermore, there is growing evidence that many older adults are aging in neighborhoods that do not support their needs. 52 In fact, older adults who are lower income or from ethnic minority groups have an increased probability of staying in, or migrating to, less desirable living situations in later life, 55 adding further evidence that self-selection cannot adequately explain the health behavior-environment relationships observed.
MAJOR CHALLENGES CURRENTLY FACING THE PHYSICAL ACTIVITY PROMOTION AND AGING FIELD
If the increasingly inactive lifestyles that have developed in many populations in the latter portion of the 20 th century are to be halted or reversed in the 21 st century, a number of challenges will need to be addressed. Several of the more pressing challenges in the field are highlighted below.
Lack of a systems approach to thinking about physical activity solutions
Scientists and scholars in the field have done a generally admirable job of delineating the many problems attendant with an inactive lifestyle throughout the life course. 9, 33 Much less systematic attention, however, has been paid to developing comprehensive, sustainable solutions to the physical inactivity challenges facing an increasing number of countries around the world. To date, many of the interventions that have been tested have engaged perspectives from a limited number of disciplines, focused largely on a single level of impact (primarily the personal level), targeted relatively short time frames (e.g., 4 to 12 months), paid little attention to external validity (i.e., generalizability, translatability), and targeted and measured only one form of physical activity (e.g., leisure-based physical activity). Applying such a narrow perspective, in addition to leading to inadequate or incomplete solutions, can have unintended consequences for one population subgroup when policies or programs are put in place for a different population subgroup. 56 For example, the increasing recognition by urban planners, transportation experts, and public health experts of the importance of "walkable" urban environments for non-motorized transport (walking or bicycling to work or to accomplish errands) among working age segments of the population has created a sense that optimal levels of physical activity may only be attainable in such environments. In this literature, the urban planning-based definition of "walkable" (i.e., having high residential density, mixed use, and adequate street connectivity, among other characteristics) has been applied. 52 Yet, in applying the results from a literature that has largely ignored non-working age residents (e.g., children, older adults), and focused largely on commuting behaviors, a potentially constrained view of both the problem and potential solutions may emerge. Indeed, some recent investigations have reported that some groups of children and teenagers are more active in cul-de-sac-oriented street designs (i.e., those with less street connectivity). 57 Similarly, some groups of midlife and older women attempting to increase levels of health-enhancing physical activity have succeeded in becoming more regularly active when living in neighborhoods with less residential density and mixed use (i.e., more suburban style neighborhoods) relative to older women living in more mixed-use neighborhoods. 58 Explanations for both of these ostensibly anomalous findings may center on the form of physical activity being performed (in this case, recreational or leisure activity), and the reduced traffic levels typically accompanying neighborhoods with less residential density and mixed use -a positive factor for population subgroups that may be more vulnerable to the deleterious effects of traffic.
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Lack of specificity in the current physical activity promotion evidence base As alluded to above, the physical activity promotion literature to date reflects a reasonably simplistic and uni-dimensional conceptualization of the physical inactivity problem as well as potential solutions. During the latter portion of the 20 th century, a primary focus of the field centered on answering the questions, "How much physical activity is enough to obtain health benefits?" and "Which interventions work to increase regular physical activity?" Arguably, in the current century, the pressing, and far more complex, question to be answered relates to identifying which interventions should be aimed at which subgroups of the population to impact which types or forms of physical activity (e.g., for leisure, for transport, etc.) in order to achieve which health, functioning, and/or quality of life outcomes. While higher-level approaches (e.g., national policies) may indeed positively impact broad segments of the population, including many older adults, it remains the case that older adults, by virtue of their heterogeneity both within this age group as well as in comparison to younger age groups, will likely benefit from intervention approaches that are targeted to their specific needs, preferences, and circumstances. This situation calls for the development of an array of complementary strategies involving multiple sectors, disciplines, targets, and levels of impact that share common messages and can be delivered in a cost-conscious fashion.
Addressing health disparities as part of the physical activity and aging agenda
In many nations, health disparities remain a major and growing concern that can have particularly untoward effects on older adults, given their often increasing physical and cognitive vulnerabilities and reduced economic circumstances relative to working-age adults. 55 In the US, the recent economic downturn has led to reports by 25 percent of adults ages 45 to 64 years that they are raiding their retirement accounts, postponing paying bills, skipping medications and doctors appointments, and postponing retirement indefinitely. 59 According to a survey conducted by the American Association of Retired Persons (AARP), 60 older Americans are filing for bankruptcy in record numbers, and community resources, such as transportation, meal services, and other home assistance programs, are at risk. Sixty-nine percent fear increased crime in their neighborhoods as housing foreclosures climb. According to the Survey of Health, Ageing, and Retirement in Europe (SHARE), perceived economic inadequacy, whether due to personal or national circumstances, is associated with older adults avoiding healthcare services. 61 Socioeconomically disadvantaged populations across the life span typically have been found to have among the lowest levels of health enhancing physical activity, and relatively few rigorously developed interventions to date have been specifically targeted to such populations. Multi-level approaches, particularly involving targeting of environmental infrastructure and relevant health policies conducive to physical activity, may be especially indicated, given that infrastructure and resources are often especially lacking in disadvantaged communities. 62 Increasing and maintaining an active lifestyle may help to buffer older individuals from chronic diseases and conditions of aging that can pose particular threats to those lacking economic or health-related resources, while potentially providing a means of facilitating neighborhood or community-level social networks and opportunities for engagement.
Sedentary behavior as a separate target for study and intervention development
In recent years, there has been growing acknowledgement of the importance of sedentary behaviors, such as prolonged sitting and television viewing, as risk factors for important health outcomes independent of physical activity levels. For example, prolonged television viewing time (defined typically as two or more hours per day) has been associated with overweight and obesity, type 2 diabetes and abnormal glucose metabolism, and the metabolic syndrome. 63, 64 Among the factors that have been linked with increased television viewing time are older age, poorer health, lower levels of education and income, unemployment, overweight or obesity, financial costs to physical activity, family and work commitments, feeling tired, and poor weather. 65 While systematically increasing regular physical activity among adults ages 50 years and older has not been associated with natural decreases in sedentary activities, 66 at least one study of overweight or obese younger adults reported that short-term (3-week) systematic reductions in television viewing time was associated with increases in energy expenditure. 67 The long-term health, social, and quality of life impacts of interventions aimed at reducing television viewing time and other sedentary activities among older adults remains to be explored.
RECOMMENDED DIRECTIONS FOR ACTION AIMED AT PHYSICAL ACTIVITY PROMOTION
The large and growing magnitude of the physical inactivity problem worldwide, its demonstrated impacts on a range of chronic diseases and conditions associated with aging, and the observation that increases in regular physical activity, to even a modest degree, can positively impact health, daily function, and quality of life in advanced age provide a compelling argument for transforming the ways in which scientists, policy makers, and practitioners have typically approached this important public health arena. Recommendations for science, policy, and practice are described below.
Science
Similar to other health areas (e.g., obesity), it has become increasingly clear that transformative scientific advances in the physical activity promotion field will likely require proactive applications of an interdisciplinary and multi-level systems approach to intervention development and evaluation. 32, 68 Although the complexities of delineating and evaluating a comprehensive systems approach to scientific enquiry in the field may appear overwhelming and cost-prohibitive, initial steps towards this multi-level goal can be taken. For example, the potential impact of frequently studied personal-level physical activity interventions can be increased through expanding the "reach" and translation of effective interventions to broader segments of the older adult population. Examples of this type of "bottom up" approach to broadening interventions in the field include the use of trained community volunteers and service sectors in intervention delivery and evaluation, 69, 70 as well as development and evaluation of state-of-the-art communication technologies to broaden intervention delivery in a potentially cost-sensitive manner. 49, 71, 72 Notably, older adults represent one of the fastest growing user groups of computers as well as Internet and social networking services. 73 Information technologies thus represent an increasingly pervasive and promising method for delivering health services and support, 74 including preventive health services, to them. 75 The globalization of population-wide mobile phone use in developing as well as industrialized nations promises to extend the potential reach of such communication platforms even further. 76 An additional facet of the "bottom up" research approach involves the explicit evaluation of the person by environment interactions in order to gain a more thorough understanding of the potential moderating effects of built and social environments on physical activity change. 58 This type of understanding can, in turn, drive subsequent intervention development aimed at environmental levels of impact, particularly as they pertain to specific subgroups of older adults.
Complementing such "bottom up" research approaches are "top down" research strategies that take advantage of the growing number of observational studies worldwide focused on the built environment and physical activity. 77 By including in such observational research designs explicit evaluations of built environment relationships for specific subgroups, such as older adults, a better understanding of subgroup by environment effects can ensue. Implicit in the above perspectives is the growing awareness of the critical need for community-based participatory research (CBPR) methods for the physical activity promotion field as a whole, including research aimed at older populations. 78, 79 CBPR methods recognize the key role that community members and organizations can play in advancing the evidence base in a manner that optimizes the relevance and appropriateness of interventions and results for those who represent the ultimate beneficiaries of the research. 78, 79 Such perspectives tend to be solution-oriented, and can help in delineating a broad web of problem and solution linkages of particular relevance to systems-oriented research. 80 An example of a CBPRbased problem and solution tool for identifying key multi-level and multisectoral determinants in the physical activity and aging area, adapted from the population intervention work of Snowdon and colleagues 80 and others, is shown in Figure 2 . The main question used to aid the development of the problem portion of the tree is "why" (i.e., why does the situation occur?). Beginning with the starting problem (identified in Figure 2 as "low levels of physical activity"), a multidisciplinary group (optimally including, in this case, individuals representing such fields as public health, relevant science fields, community senior advocacy, local business, and planning, transportation, and policy experts) works together to identify the factors contributing to the starting problem and its branching problems, and so on. This process builds up levels or layers of underlying factors or determinants (represented as roots and lower-level branches). The process can continue until the analysis reaches a point where solutions become apparent, or when a certain number of levels, (e.g., three), have been detailed. Once the "roots" and "branches" have been completed and potential solutions identified, a final check is done to ensure that the tree "works", i.e., that the statements are logical and reasonable, and that identified solutions lead back to the starting problem and branching problems being discussed.
In the problem-solution tree example shown in Figure 2 (which is illustrative as opposed to exhaustive), the solid-line boxes represent the types of problems, identified in the literature as well as by community members, underlying low levels of physical activity among older adults. The starting problem (i.e., low levels of physical activity) splits into two different sub-problems -low levels of active transport and low levels of leisureoriented physical activity -that likely require some unique solutions in addition to solutions that may overlap. The dashed-line boxes represent examples of relevant solutions. Note that both the problems and the potential solutions occur across levels of impact. For example, personal level problems include functional impairments and fear of falling; sociocultural level problems include norms that do not support physical activity for seniors; and environmental level problems include lack of attractive destinations for seniors and street designs and amenities that do not support walking. Some of the potential solutions could benefit both transport-based and leisure-time physical activities (e.g., enforcing neighborhood speed limits; sidewalk maintenance), while others (e.g., forming neighborhood walking groups, re-zoning to attract destinations attractive to older adults) would likely impact primarily one type of physical activity versus the other. The problems that impede older adults' physical activity levels, while involving some areas that are reasonably universal, also typically will involve areas that are unique to a community. Therefore, the development of problem-solution trees specific to a particular locale will likely be most relevant and productive. It is also important to note the positive benefits to younger community residents as well as to other areas and sectors (e.g., air quality, crime control) that could be realized for many of the solutions that were identified in Figure 2 . As noted earlier, it is important additionally to identify any untoward problems for other community residents and/or sectors attendant with the solutions being developed. 56 Successful CBPR activities and community-organizing approaches to disseminating sustainable evidence-based interventions require a mutual investment in team building and shared resources, ideas, and expertise, as well as flexibility in applying a range of research methods and designs that support increased external validity and intervention sustainability. 79 Examples of such pragmatic designs include the identification, in collaboration with personnel from the community practice and policy sectors, of "natural experiments" or uncontrolled pretest-posttest designs to study interventions of relevance to the physical activity and aging field. Additional examples include evaluations of the process of developing community infrastructure and support (e.g., community coalitions) that can facilitate multi-level community changes aimed at physical activity promotion.
Of relevance to CBPR and systems oriented research perspectives, scientists in the physical activity promotion field would benefit from obtaining a more thorough working knowledge of complementary disciplines and fields not traditionally included in research in this area (e.g., economics, genetics, community design, policy research) that could broaden both the insights and impacts of research in the field. Firmer linkages with fields such as the health economics field, for example, could improve the evidence base related to intervention cost-effectiveness and comparative effectiveness -areas of increasing importance in the current economically constrained climate.
Finally, aging involves a number of different life transitions that often present a range of challenges for many adults. The impacts of such agingrelated life transitions, including menopause, retirement, bereavement, and family caregiving/caring, on physical activity levels, preferences, and barriers are less well understood than other physical activity promotion areas and deserve additional attention. A clearer understanding of the multi-level impacts of these common life transitions on physical activity, in all of its forms (e.g., for leisure, transport, household maintenance, etc.) can potentially inform more powerful interventions.
Policy
Policy level interventions represent arguably the broadest and most powerful means for enacting physical activity changes at the population level. Thus far, however, policy level approaches in this field are in their infancy. Policy approaches will necessarily differ depending upon a number of factors, including national, regional, and local governmental structures; cultural mores and traditions; and resource constraints. Among the types of policy strategies that may be of relevance to the physical activity and aging field are methods for including or expanding physical activity promotion programs as part of governmental funding schemes and practices aimed at older adults; local, regional, and national taxation and pricing policies that could impact choice and behavioral decision-making related to physical activity or other behaviors with known relationships to physical activity participation (e.g., driving); governmental funding for improving the physical activity infrastructure, particularly in lower-income locales; and policy development and collaborations with other sectors and areas where potential synergies with physical activity promotion may occur, such as transportation, housing, energy conservation and sustainability, nutrition, and environmental access for those with disabilities.
Policy efforts aimed at physical activity promotion potentially can be aided, where applicable, by the development of broader surveillance systems for physical activity, broken out by age, that provide benchmark information at local, regional, and national levels. Through such systems, policy changes that may have an impact on physical activity levels can more readily be evaluated. Similarly, developing methods for tracking proposed and enacted governmental legislation aimed at healthful lifestyles, including physical activity, as well as community design and access initiatives, may be useful in advancing the field. As part of such activities, identifying potential natural experiments related to looming policy changes and initiatives can provide a cost-efficient and timely means for collecting much needed information in the field. To optimize such activities, it will likely be important for those in the policy sector to partner with researchers with expertise in evaluation methods. Identifying ways to proactively facilitate such productive partnerships between the policy and science sectors represents a critical need in the field.
Finally, a growing number of countries have or are in the process of developing a national plan to advance the physical activity promotion agenda. 81, 82 While in most cases it is too early to know how effective such plans will be, the fact that a growing number are action-based and involve multiple sectors and disciplines is encouraging. A key question concerns how explicitly such plans will take into account the diverse needs and preferences of the older population. Plans that seek to capitalize on natural inter-generational activities and synergies, thereby facilitating regular physical activity across age groups, may be especially indicated.
Practice
There are a number of practice-based approaches that could potentially impact the physical activity and aging field. One such approach involves the development of viable and sustainable community referral systems for physical activity instruction and support that are available to the healthcare sector as well as other community agencies and organizations. The small body of research evaluating the utility of such community referral systems is currently mixed. 83 Incorporating a greater level of culturally competent physical activity promotion information and community resource identification in health professional training curricula (e.g., for physicians, pharmacists, dietitians, nurses, psychologists, physical and occupational therapists, social workers) also is indicated. As part of such curricula, the needs and preferences of older populations, including those who are most at risk for health disparities, should be made clear, as should the benefits of increases in regular physical activity as a complement or empirically supported alternative to pharmacological treatments aimed at chronic disease prevention and management (e.g., osteopenia/osteoporosis, type 2 diabetes). 9 Application of the current evidence base in developing, in a more thorough fashion, clinical preventive services guidelines that explicitly incorporate, wherever appropriate, regular physical activity recommendations remains to be realized. 84 In a related area, training healthcare providers across disciplines in providing simple, time-efficient advice related to the specific benefits of a physically active lifestyle tailored to the patient's health needs can reinforce similar messages emanating from other sectors. Surveys indicate that relatively few healthcare providers deliver such messages on a regular basis. 85 Where relevant, it may be useful to build greater physical activity expertise and capacity among public health practice groups, as well as develop methods for enhancing cross-disciplinary competencies and partnerships with planning, land use, and transportation experts. Harnessing the energy, resources, expertise, and advocacy skills of non-profit and nongovernmental organizations is also indicated. For instance, the YMCAan organization with a long-standing commitment to physical activity throughout the communities it serves -has a presence in many communities throughout North America, Europe, Australasia, and Asia. In addition to the public and non-profit sectors, the private sector, by virtue of its policies and practices related to its retiree population, may provide a useful target for physical activity programs and initiatives that deserves further exploration.
CONCLUSIONS
As the global population ages, the multi-level determinants of health, function, and quality of life, combined with the prevalence of increasingly inactive lifestyles worldwide, underscore the need for bold, collective actions across sectors and disciplines if the current population trajectories in this area are to be substantively impacted. In particular, identification of ways of broadening traditional "aging in place" paradigms beyond the home setting to the surrounding built and social environments are indicated. Such a paradigm shift involves moving beyond medical model perspectives in embracing multi-level systems approaches that, while more complex, hold promise for impacting population-wide physical activity levels across the life course.
Finally, a systems approach to physical activity promotion that explicitly includes the aging adult segment of the population may benefit particularly from recognizing and targeting those societal values and cultural perspectives that extend beyond health. The potential utility of this type of "stealth" approach to physical activity programming and intervention that targets those values and beliefs that are held dear by many in the older adult community deserves greater attention. Such values and beliefs include positively contributing to society and to subsequent generations, maintaining independence, providing a legacy of betterment to one's culture and community, upholding cultural values and traditions, honoring those who went before, and protecting the lives and livelihoods of ones coming after. Through capturing such societal values, more potent and sustainable solutions to this major public health challenge will be enacted. Such solutions may, in turn, produce important benefits to the individual while paving the way for greater civic engagement and community contribution that can fulfill the promise of a long life.
Acronyms list: CBPR = Community-based participatory research
Key points :
• Regular physical activity, of even a more moderate intensity, is an established independent risk factor for a range of chronic diseases and conditions associated with aging.
• In a growing number of countries, midlife and older adults represent the most inactive segment of the population.
• To address the global physical inactivity crisis among older populations and other community members, a systems approach that applies a multi-level ecological framework and an array of actions aimed at science, policy, and practice is needed.
